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1. REAL PARTY IN INTEREST 

The real party in interest is Rice University, Office of the General Counsel - MS 94, P.O. 
Box 1892, Houston, TX 77251-1892. 
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2. RELATED APPEALS AND INTERFERENCES 

Appellants know of no other appeal or interference that will directly affect, or be directly 
affected by, or that will have a bearing on the Board's decision in the pending appeal. 
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3. STATUS OF CLAIMS 

Claims 1 -7 are pending in this application and are the claims from which this Appeal is 
taken. These claims were finally rejected in an Office Action dated July 26, 2007. A copy of the 
pending claims is attached as APPENDIX A. 
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4. STATUS OF AMENDMENTS 

Applicant submitted an Amendment After Final Rejection on September 26, 2007 
subsequent to the Final Rejection mailed July 26, 2007. Also on September 26, 2007 Applicants 
filed a Notice of Appeal along with a Pre- Appeal Brief request for Review. In an Advisory 
Action Before The Filing of an Appeal Brief mailed October 16, 2007, the Patent Office 
indicated that the Amendment of September 26, 2007 did not place the Application in condition 
for allowance, but that the Amendment of September 26, 2007 would be entered for the purposes 
of appeal. 
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5. 



SUMMARY OF CLAIMED SUBJECT MATTER 



The invention generally relates to a method of quickly assembling PCR fragments on a 
solid support using a unique 3' overhang system and DNA repair enzymes. When the assembly 
is penultimately complete, a recombinase is used to simultaneously remove the DNA from the 
solid support and circularize it in a single step. This is the first showing in the art that 
recombinases can be successfully employed on substrates tethered to a solid support. 

More particularly, the invention relates to a method of assembling PCR fragments by: a) 
synthesizing a PCR fragment with a first and second primer, wherein the second primer 
comprises a modified nucleotide that can be removed by a DNA repair enzyme, resulting in a 3' 
overhang, and the first PCR fragment has a first site specific recombinase site; b) treating the 
PCR fragment with a DNA repair enzyme to generate the 3' overhang and immobilizing the PCR 
fragment on a solid support; c) making a second PCR fragment with third and fourth primer, that 
each comprise a modified nucleotide that can be removed by a DNA repair enzyme resulting in a 
3 1 overhang; d) treating the second PCR fragment with a DNA repair enzyme to generate a 3' 
overhang; e) annealing and ligating the first and second PCR fragments; f) optionally repeating 
steps c, d and e until a last PCR fragment is added to the growing chain to produce an assembled 
fragment, the last PCR fragment comprising a second site specific recombinase site; and g) 
simultaneously removing and circularizing the assembled fragment from the solid support with a 
site specific recombinase in a single step. 
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6. GROUNDS OF REJECTION TO BR REVIEWED ON APPEAL 

The Examiner has twice rejected claims 1-7 as obvious over Watson (Biotechniques, 
1997) and Elledge (US5851808), in view of Stahl (Biotechniques, 1993). 
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7. ARGUMENT 

The Examiner has rejected claims 1-7 as obvious over Watson, Elledge and Stahl. 

i) Cited Art 

Watson teaches a DNA fragment assembly method using 3' overhang and repair 
enzyme. Watson does not teach modification by using recombinase, nor a recombinase site, nor 
application to a solid support. Instead, Watson performs all assembly in solution using 
traditional enzymes such as ligase. 

Elledge is a patent teaching a method of combining two vectors using a recombinase, 
wherein each vector has a recombinase site and one of the vectors must have a conditional 
origin of replication. Conspicuously lacking from Elledge is any mention of solid support. 
Instead, all reactions are done in solution. Elledge apparently did not consider including this 
allegedly obvious modification of his method in his patent application. 

Stahl teaches assembly of linear DNA from short oligonucleotides on a solid support. 
There is no mention in Stahl of recombinase, nor does Stahl complete the process on the solid 
support. Instead, the partially assembled DNA is eluted from the support, then the remaining 
assembly is performed in solution using traditional enzymes such as ligase. 

ii) What is Missing in the Cited Art 

Nowhere in the cited art is a recombinase used on a solid support. The only enzymes 
used on solid supports in the cited art are simple enzymes such as restriction endonucleases and 
ligases — neither of which are topological!) sensitive enzymes. The art does not teach the use 
of a recombinase on a solid support — nor does the art suggest a reasonable expectation of 
success for so doing. 

iii) Prima facie Obviousness Case Has Not Been Shown 

The prima facie obviousness burden lies on the Examiner to show at least the following: 
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1) that the art teaches every element of the claimed invention, 2) that there is a motivation 
to combine or modify the art, 1 and 3) that there is a reasonable expectation of success in making 
that combination or modification. While the expectation of success need not be absolute, there 
does need to be a reasonable expectation of success. Takeda Chem. Indus, v. Mylan Labs., Inc., 
417 F. Supp. 2d 341, 371 (Fed. Cir.2006) ("While a reasonable expectation of success must be 
shown, in order to show prima facie obviousness it is not necessary to show that success was 
absolutely predictable."); In re Vaeck, 947 F.2d 488, 493 (Fed. Cir. 1991) (discussing the 
obviousness case and stating that one element is "whether the prior art would also have revealed 
that . . . those of ordinary skill would have a reasonable expectation of success."). 2 

iv) Missing element not found in the cited art 

None of the cited art shows recited step g: "g) simultaneously removing and circularizing 
the assembled fragment from the solid support with a site specific recombinase in a single step". 

Applicants have reviewed the cited art over and over and can find no instance where 
DNA is simultaneously removed and circularized from a solid support with a recombinase. 
Indeed, the only cited art mentioning recombinases is Elledge, and Elledge fails to mention solid 
supports at all. 

There is simply no mention in the cited art of using a recombinase on a solid support. 
Examiner's argument to the contrary devolves to saying that 1) recombinases are in the art, and 
2) solid supports are in the art, therefore 3) using recombinases on solid supports is in the art. 
However, the element is "using recombinases on a solid support," not either alone. 

Even in the wake of KSR Int'l Co. v. Teleflex Inc. (127 S. Ct. 1727 (U.S. 2007)), 
Applicants know of no legal principle that suggests that a prima facie case can be maintained 

1 KSR did not negate the motivation to combine test, but only cautioned against its rigid 
application. KSR Int'l Co. v. Teleflex /wc.,127 S. Ct. 1727, 1741 (U.S. 2007) ("When it first 
established the requirement of demonstrating a teaching, suggestion, or motivation to combine 
known elements in order to show that the combination is obvious, the Court of Customs and 
Patent Appeals captured a helpful insight. ... a patent composed of several elements is not 
proved obvious merely by demonstrating that each of its elements was, independently, known in 
the prior art.. . . it can be important to identify a reason that would have prompted a person of 
ordinary skill in the relevant field to combine the elements in the way the claimed new invention 
does."). 

2 See also MPEP 2143.02 entitled "Reasonable Expectation of Success Is Required". 
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where a claimed element is not found in the prior art. Thus, in the absence of this element, the 
obviousness rejection cannot be maintained because the prima facie case is not made. 

v) Examiner Focuses On Unclaimed Element 

The Examiner states that "it is well established that Cre/lox will simultaneously 
recombine and circularize plasmid DNA." 3 This is not what the claim recites. The claims 
recites: 

g) "simultaneously removing and circularizing the assembled fragment from the solid support 
with a site specific recombinase in a single step". 

To simply the element and focus the reader the element is paraphrased: 

"removing and circularizing DNA on a solid support with a recombinase" 

The Examiner has not found this element because recombinase is never used on a solid 
support in the cited art, therefore, it is impossible to find that recombinase simultaneously 
removes and circularizes DNA on a solid support in the art. 

vi) Examiner Fails to Show A Reasonable Expectation of Success 

The Examiner states "It is well established that Cre/lox will simultaneously recombine 
and circularize plasmid DNA. It is therefore not unreasonable to expect success when using 
Cre/lox to simultaneously recombine and circularize DNA which is attached to a substrate." 4 

However, a closer look at this statement shows that it is merely conclusory and has not 
articulated any rationale to support an assertion of reasonable expectation of success. The 
statement in fact devolves to a statement of recombinase activity and a conclusion that based on 
the activity that one would expect it to function on a solid support. 



Advisory Action, 10/26/07. See also Office Action, 7/26/07, p. 2 (stating the same as the 
Advisory Action), and Office Actions, dated 2/22/07, 12/27/06 10/03/06, 7/27/06, and 2/22/06, 
(none of which even mention the reasonable expectation of success although it is part of the 
prima facie case, and which are mere "cut and pastes" of the original argument, repeating the 
same spelling errors and legal deficiencies). 

4 Advisory Action, 10/26/07. 
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The Examiner is only saying that "Cre/Iox is a recombinase and can be expected to 
function on a solid support" 

This is not "articulated reasoning with some rational underpinning" as required by KSR. 
KSRInt'l Co,, 127 S. Ct. at 1741 (U.S. 2007). 

Therefore, Examiner merely assumes that the recombinase method of Elledge can be 
applied to the solid support method of Watson with a reasonable expectation of success. 
Examiner has not pointed to any actual statements in the art supporting this assumption, nor has 
Examiner provided any declaratory evidence for same, nor has Examiner even provided a logical 
rationale for assuming same. 

In an unpredictable art, there is simply no basis for assuming that the assemble method 
could be successfully applied to recombinase enzymes known to be sensitive to topology. To do 
so, is sheer speculation, which we refer to as an inappropriate hindsight determination of 
obviousness. 

Further, conclusory assertions without an articulated rationale or factual basis of support 
is insufficient as a matter of law. KSR Int'l Co,, 127 S. Ct. at 1741 (U.S. 2007) ('To facilitate 
review, this [obviousness] analysis should be made explicit. '[Rejections on obviousness 
grounds cannot be sustained by mere conclusory statements; instead, there must be some 
articulated reasoning with some rational underpinning to support the legal conclusion of 
obvious-ness'") (citation omitted) (emphasis added). 

Without a rationale and/or evidence to support a reasonable expectation of success, the 
prima facie case is not made. 

vii) Mere Arguments are not Evidence 

Personal knowledge or mere argument is not competent evidence. Fiers v. Revel, 984 
F.2d 1164 (Fed. Cir. 1993) (holding that "the Board did not err in determining that Fiers 
presented no convincing evidence" where applicant only showed "argument ... 'unsupported by 
competent evidence, entitled to little or no weight and ... unpersuasive in any event.'"); In re 
Juillard, 476 F.2d 1380 (C.C.P.A.) ("arguments cannot take the place of evidence"). The 
Examiner has provided no evidence at all to indicate that a recombinase can be expected to work 
on a solid support, merely unsupported conclusory speculation. 
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Viii) TWO ELEMENTS OF PRIMA FACIE CASE MISSING 



Therefore, the Examiner has not made a prima facie case of obviousness since 1) a 
claimed element is missing (using a recombinase on a solid support) and 2) a reasonable 
expectation of success is not shown, 

* * * 

In contrast, Applicants prove that there is no reasonable expectation of success, as follows: 

ix) RECOMBINASES ARE TOPOLOGICALLY SENSITIVE 

Recombinases are topologically sensitive. The literature is replete with evidence to this 
effect, as shown in the last Response to Office Action, mailed September 26, 2007 and repeated 
herein in part for convenience: 

Kilbride EA, et al., Determinants of product topology in a hybrid Cre-Tn3 resolvase site- 
specific recombination system, J Mol Biol. 355(2): 185-95 (2006) (Many natural DNA 
site-specific recombination systems achieve directionality and/or selectivity by 
making recombinants with a specific DNA topology. This property requires that the 
DNA architecture of the synapse and the mechanism of strand exchange are both 
under strict control. Previously we reported that Tn3 resolvase-mediated synapsis of 
the accessory binding sites from the Tn3 recombination site res can impose topological 
selectivity on Cre/loxP recombination. Here, we show that the topology of these reactions 
is profoundly affected by subtle changes in the hybrid recombination site les. Reversing 
the orientation of loxP relative to the res accessory sequence, or adding 4 bp to the DNA 
between loxP and the accessory sequence, can switch between two-noded and four-noded 
catenane products. By analyzing Holliday junction intermediates, we show that the 
innate bias in the order of strand exchanges at loxP is maintained despite the changes in 
topology. We conclude that a specific synaptic structure formed by resolvase and the res 
accessory sequences permits Cre to align the adjoining loxP sites in several distinct ways, 
and that resolvase-mediated intertwining of the accessory sequences may be less than has 
been assumed previously."). 5 

The art establishes that recombinases are topologically sensitive. This fact has not been 
rebutted. 

x) Topologically Sensitive Recombinases are predicted to not function on 

TETHERED SUBSTRATES 

Because recombinases are topologically sensitive they are always used in solution (or 
cells) where the DNA molecules can freely move around to assume the complex knotted forms 



The remainder of the citations can be found in the record (Response to Office Action, mailed 
9/26/2007) and in Appendix B, and there is no need to repeat this well-known fact herein. 
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required during the recombinase reaction. It is for this reason that Watson did not think to apply 
recombinases to his method (see Bennett Declaration by co-author of Watson paper) and is 
probably why Elledge is completely silent regarding using his method on a solid support. 

This rationale has not been rebutted. 

xi) Declaratory Evidence Shows That Topologically Sensitive 
Recombinases are not Expected to Function on Substrates Tethered to 
a Solid Support 

Dr. George N. Bennett is a person of at least ordinary, and probably better than ordinary, 
skill in the art. His Declaration states that one ordinary skill in the art would not have thought 
recombination on a solid support would succeed due to the topological restraints imposed by 
attaching one end to a solid support: 

Prior to the present invention, the ability of the CRE protein to function on immobilized DNA 
was unknown. The use of immobilized DNA for the Cre/lox recombination was not thought 
possible because immobilized DNA has a different topological structure than either native DNA 
in vivo or purified DNA in vitro. The Cre/lox reaction changes the topological structure of the 
DNA substrate. A DNA structure tethered to a solid support might not undergo the 
conformational changes required for recombination. One of ordinary skill in the art would have 
thought Cre/lox recombination was inhibited or impossible on a solid support. 

See Bennett Declaration at APPENDIX B. Thus, there is no reasonable expectation of 
success where topology is known to be critical to recombinase function. 

A person of ordinary skill in the art has declared under penalty of law that because 
recombinases are topologically sensitive he would not predict that they would function on a 
tethered substrate on a solid support. This fact has not been rebutted. 

xii) Examiner Summarily Dismisses Declaratory Evidence 

Examiner states that the declaration was unpersuasive because it "failed to provide 
evidence of unexpected results." 6 Examiner also asserts that Applicants "fail to provide any 
data 7 or evidence to support the Declaration." 



6 Advisory Action, 10/16/07. 
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Examiner is incorrect both in fact and as a matter of law. 

The Declaration itself is competent evidence, and it is supported by copious art 
showing the topological sensitivity of the recombinase. The conclusion that one would predict 
that recombinase would not function on a tethered substrate follows rationally from the fact that 
recombinase is topologically sensitive. 

This is not a case of providing a merely conclusory legal opinion that is unsupported by 
facts. In re Alton, 76 F.3d 1168, 1174 (Fed. Cir. 1996) ("the examiner's final rejection and 
Answer contained two errors: (1) viewing the Wall Declaration as opinion evidence addressing 
a question of law rather than a question of fact; and (2) the summary dismissal of the declaration, 
without an adequate explanation of why the declaration failed to rebut the Board's prima facie 
case of inadequate description."). 8 

Rather, the Bennett Declaration offers a factual rationale to explain why one of ordinary 
skill in the art would have predicted a lack of success based on the known topological 
requirements of the enzyme. Id. at 1174-75 ("the declaration is offering factual evidence in an 
attempt to explain why one of ordinary skill in the art would have understood the specification to 
describe [the invention]. ... the examiner's dismissal of the declaration on the grounds that "little 
weight is given an opinion affidavit on the ultimate legal question at issue" was error."). 

xiii) Unchallenged Evidence Wins 

Applicants have provided competent evidence showing non-obviousness and Examiner 
has not countered with any evidence. Examiner has had ample opportunity to present competent 
evidence, but has refused to do so. 



7 

The specification is actually replete with data showing unexpected results — it was unexpected 
that the recombinase would function on tethered substrates and the data in the specification 
shows that it does. 

See also MPEP 716 (noting that in rejecting 132 declarations the Examiner must "include a 
detailed explanation of the reasons why the affidavit or declaration is insufficient."); see also 
MPEP 716.01 (Evidence traversing rejections, when timely presented, must be considered by 
the examiner whenever present. . . . Where the evidence is insufficient to overcome the rejection, 
the examiner must specifically explain why the evidence is insufficient. General statements 
such as "the declaration lacks technical validity" or "the evidence is not commensurate with the 
scope of the claims" without an explanation supporting such findings are insufficient.") 
(emphasis added). 
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This is a simple case of some evidence versus no evidence, and there can only be a single 
conclusion in favor of unchallenged evidence. In Re John B. Sullivan, et al (Fed. Cir. 2007) 
("The claimed composition cannot be held to have been obvious if competent evidence rebuts 
the prima facie case of obviousness. By failing to consider the submitted evidence, the Board 
thus committed error.") (emphasis added); In re Rinehart, 531 F.2d 1048 (C.C.P.A. 1976) 
(reversing a finding of obviousness where there was no reasonable expectation that a process 
combining the prior art steps could be successfully scaled up in view of unchallenged evidence 
showing that the prior art processes individually could not be commercially scaled up 
successfully) (emphasis added); Lindemann Maschinenfabrik GMBH v. American Hoist & 
Derrick Co., 730 F.2d 1452, 1463 (Fed. Cir. 1984) ("On the unchallenged evidence of record, 
we are left with a 'definite and firm conviction' that the district court's finding of anticipation 
was mistaken and therefore clearly erroneous.") (emphasis added); Grepke v. General Electric 
Co., 280 F.2d 508, 511 (7 th Cir. 1960) ("in the face of the positive denial of such fact by 
unchallenged evidence, the Trial Court should have accepted its responsibility and directed a 
verdict for the defendant as a matter of law.") (emphasis added). 

xiv) Combined Art Teaches a Different Invention 

Finally, if one combines the cited art, what is actually obtained is not the invention, but 

rather: 

a) Use of a modified nucleotide and a repair enzyme to generate a 3' overhang for use in 
cloning strategies, 

b) together with use of the Cre/lox system to combine two vectors each having a 
recombinase site and one of which must have a conditional origin of replication, and 

c) solid phase assembly where the DNA is first eluted from the solid support, and then 
circularized. 

Examiner has articulated no rationale for selecting the desired elements, nor any rationale for 
leaving behind the undesired elements. Examiner's sole rationale is that the modifications will 
result in "increased efficiency" 9 and will "stabilize and control the assembly" 10 and that the 



9 Office Action, 7/27/06, p. 4. 

HOUDMS/2 19588.2 



16 



"references are in the field of Applicant's endeavor and are pertinent to improving gene 
assembly." 11 However, such rationale does not inform us as to which elements to cherry-pick 
and which to ignore. Indeed, it is only with the teachings of the invention that one knows which 
elements to retain, and which to dispose of as not needed. Marconi Wireless Tel Co. v. United 
States, 320 U.S. 1, 62 (1943) ("Reconstruction by hindsight, making obvious something that was 
not at all obvious to superior minds until someone pointed it out, — this is too often a tempting 
exercise for astute minds.").; KSR Int'l Co., 127 S. Ct. at 1742 (U.S. 2007) ("A factfinder should 
be aware, of course, of the distortion caused by hindsight bias and must be cautious of arguments 
reliant upon ex post reasoning."). 



w Office Action, 7/27/06, p. 5. 
11 Office Action, 7/27/06, p. 6. 
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8. CONCLUSION 

None of the cited art shows simultaneously removing and circularizing assembled PCR 
fragments from a solid support with a recombinase. A prima facie obviousness case cannot be 
maintained if the art does not teach every element of the invention. 

Even if the missing elements were available (and they are not since recombinases have 
never before been used on a solid support), one must also show a reasonable expectation of 
success in making the combination or modification. The expectation of success cannot be pulled 
from thin air, but must be substantiated to make a prima facie case of obviousness. 

Applicants have provided 1) published facts, 2) a well articulated rationale, and 3) 
Declaratory facts as to why there was no reasonable expectation of success. All such evidence 
has been summarily disregarded as "unpersuasive" without any rebuttal facts or explanation. 
Thus, Applicants evidence remains unchallenged by competent evidence. 

Finally, the combined art does not even lead to the invention, but to something entirely 
different. 

Therefore, for at least these reasons, the Examiner has not proven a prima facie case of 
obviousness and/or Applicants have rebutted same. 
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Appeal fees are provided and no additional fees are believed to be due for this response. 
However, should there be any additional fees required, please charge such additional fees to 
Deposit Account No. 50-3420 (reference 31175413-002002 TV). 



Dated: November 26. 2007 



Respectfully submitted, 
BAKER & MCKENZIE LLP 

By /Tamsen Valoir/ 
Tamsen Valoir, PhD 
Registration No.: 41,417 
Pennzoil Place, South Tower 
711 Louisiana, Suite 3400 
Houston, Texas 77002-2746 USA 
Tel: +1 713 427 5007 
Fax: +1 713 427 5099 
Email: Tamsen.Valoir@bakernet.com 
Attorneys For Applicants 
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Appendix A: Clean Copy of Current Pending Claims 

1 . (previously presented): A method of assembling PCR fragments, comprising; 

a) making a first PCR fragment with first and second primers, wherein the second primer 
comprises a modified nucleotide that can be removed by a DNA repair enzyme, resulting 
in a 3' overhang, and wherein the first PCR fragment comprises a first site specific 
recombinase site; 

b) treating the first PCR fragment with a DNA repair enzyme to generate a 3' overhang and 
immobilizing the first PCR fragment on a solid support or vice versa; 

c) making a second PCR fragment with third and fourth primers, wherein the third and 
fourth primers each comprises a modified nucleotide that can be removed by a DNA 
repair enzyme resulting in a 3 f overhang; 

d) treating the second PCR fragment with a DNA repair enzyme to generate a 3' overhang; 

e) annealing and ligating the first and second PCR fragments; 

f) optionally repeating steps c, d and e until a last PCR fragment is added to the growing 
chain to produce an assembled fragment, wherein the last PCR fragment comprises a 
second site specific recombinase site; and 

g) simultaneously removing and circularizing the assembled fragment from the solid support 
with a site specific recombinase in a single step. 

Claim 2 (original): The method of claim 1, where one of the PCR fragments comprises an origin 

of replication and a selectable marker. 
Claim 3 (original): The method of claim 1, wherein the first PCR fragment or the last PCR 

fragment comprises an origin of replication and a selectable marker. 
Claim 4 (original): The method of claim 1, wherein the site specific recombinase is CRE and the 

site specific recombinase site is lox. 
Claim 5 (original): The method of claim 1, wherein the nucleotide is deoxyuridine and the DNA 

repair enzyme is uracil-DNA-glycosylase followed by T4 endonuclease V. 
Claim 6 (original): The method of claim 5, wherein the assembled DNA is greater than 30 kb. 
Claim 7 (original): The method of claim 5, wherein the assembled DNA is greater than 30, 40, 

50, 75, 100, 125, 150, 200, 250 , 300, 350, 400, 450, 500, 750, 1000 or 1500 kb. 
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Appendix B: Bennett Declaration 
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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 



App. No. 



10/699,511 



Confirmation No. 3571 



Applicant 



Bennett, George N. 



Filed 



October 31, 2003 



TC/A.U. 



1637 



Examiner 



Calamity EL 



Docket No. 



31175413-002002 



Customer No. 



51738 



Entitled 



Method for assembling PCR fragments of DNA 



MS Amendment 
Commissioner for Patents 
P.O. Box 1450 
Alexandria, VA 22313-1450 

DECLARATION OF GEORGE N. BENNETT UNDER 37 CFR S1.132 

I, George N. Bennett, Declare as follows: 

I am at least 18 years of age and am competent in all respects to make the following statements. 

I am a joint inventor for claims 1-7 currently pending in US Patent Application No. 10/699,51 1. 

I have read and understand the above-referenced application and pending claims. 

I am a person of ordinary skill in the art of assembling nucleic acids including assembling PCR 
fragments with recombinases, see the attached curriculum vitae. 

The present invention is the first demonstration of removal and circularization of a previously 
linear DNA from a solid support using a recombinase. Cre/lox recombination is affected by 
three factors: the method of release from the solid support, the length of the DNA to be 
recombined and relative concentrations of both the DNA and active Cre enzyme. Prior to this 
invention, it was not known if the Cre enzyme would release the DNA from solid support or if 
the DNA would be able to undergo further processing. It was not known if length of DNA 
attached to the solid support would affect Cre activity. Finally, the relative concentration of Cre 
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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 



enzyme required for activity under these conditions was unknown. Therefore it was not known 
if the Cre enzyme would work efficiently with a linear DNA substrate attached to a solid 
support. 

Prior to the present invention, the ability of the CRE protein to function on immobilized DNA 
was unknown. The use of immobilized DNA for the Cre/lox recombination was not thought 
possible because immobilized DNA has a different topological structure than either native DNA 
in vivo or purified DNA in vitro. The Cre/lox reaction changes the topological structure of the 
DNA substrate. A DNA structure tethered to a solid support might not undergo the 
conformational changes required for recombination. One of ordinary skill in the art would have 
thought Cre/lox recombination was inhibited or impossible on a solid support. 

I further declare that all statements made herein of my own knowledge are true and made on 
information believed to be true; further that these statements were made with the knowledge that 
willful false statements are punishable by fine or imprisonment, or both, under Section 1001 of 
Title 18 of the United States Code; and that such willful false statements may jeopardize the 
validity of any application for which it is used. 

Dated: 9> g-cx>7 




George N. Bennett 
Dept. of Biochemistry and Cell Biology 
Rice University 
P.O. Box 1892 MS 140 
Houston, TX 77251 
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Clostridium acetobutylicum, Ann. N.Y. Acad. Sci., 589, 67-81 (1990). 

47. Brito, R.M.M., Reddick, R., Bennett, G.N., Rudolph, F.B., and Rosevear, P.R., Characterization and 

stereochemistry of cofactor oxidation by a type II dihydrofolate reductase, Biochemistry, 29, 
9825-9831 (1990). 

48. Cary, J.W., Petersen, D.J., Papoutsakis, E.T., and Bennett, G.N., Cloning and expression of 

Clostridium acetobutylicum ATCC 824 acetoacetyl-Coenzyme A :acetate/butyrate: Coenzyme A- 
transferase in Escherichia coli, App. Environ. Microb., 56, 1576-1583 (1990). 

49. Petersen, D.J., and Bennett, G.N., Purification of acetoacetate decarboxylase from Clostridium 

acetobutylicum ATCC 824 and cloning of the acetoacetate decarboxylase gene in Escherichia 
coli, App. Environ. Microb., 56, 3491-3498 (1990). 

50. Wang-Bennett, L.T., Liebl, D. J., and Bennett, G.N., Targeted neuronal lesion induced by photo- 

sensitizing dyes, Brain Research, 534, 122-128 (1990). 



5 1 . Petersen, D.J., Welch, R.W., Rudolph, F.B., and Bennett, G.N., Molecular cloning of an alcohol 

(butanol) dehydrogenase gene cluster from Clostridium acetobutylicum ATCC 824, J. BacterioL, 
173,1831-1834(1991). 

52. Vermersch, P.S., and Bennett, G.N., Stability of mutant Type II dihydrofolate reductase proteins in 

suppressor strains, J. Biotechnology, 19, 49-66 (1991). 

53. Hassani, M, Saluta, M.V., Bennett, G.N., and Hirshfield, I.N., Partial characterization of a lysU 

mutant of Escherichia coli K-12, J. BacterioL, 173, 1965-1970 (1991). 

54. Petersen, D.J., and Bennett, G.N., Cloning of the Clostridium acetobutylicum ATCC 824 acetyl 

coenzyme A acetyltransferase (Thiolase; EC 2.3.1.9), Appl. Environ. Microbiol., 57, 2735-2741 

(1991) . 

55. Petersen, D.J., and Bennett, G.N., Enzymatic characterization of a nonmotile, nonsolventogenic 

Clostridium acetobutylicum ATCC 824 mutant, Current Microbiol, 23, 253-258 (1991). 

56. Petersen, D.J., Welch, R.W., Walter, K.A., Mermelstein, L.D., Papoutsakis, E.T., Rudolph, F.B., and 

Bennett, G.N., Cloning of an NADH-dependent butanol dehydrogenase gene from Clostridium 
acetobutylicum, Ann. N.Y. Acad. Sci., 646, 94-98 (1991). 

57. Meng, S.-Y., and Bennett, G.N., Nucleotide sequence of the Escherichia coli cad operon: A system 

for detoxification of low extracellular pH, J. BacterioL, 174, 2659-2669 (1992). 

58. Meng, S.-Y., and Bennett, G.N., Regulation of the Escherichia coli cad operon: Location of a site re- 

quired for acid induction, J. BacterioL, 174, 2670-2678 (1992). 

59. Mermelstein, L.D., Welker, N.E., Bennett, G.N., and Papoutsakis, E.T., Expression of cloned 

homologous fermentative genes in Clostridium acetobutylicum ATCC 824, Bio/Technology, 10, 
190-195 (1992). 

60. Lee, S.Y., Bennett, G.N., and Papoutsakis, E.T., Construction of Escherichia coli-Clostridium 

acetobutylicum shuttle vectors and transformation of Clostridium acetobutylicum strains, 
Biotechnology Letters, 14, 427-432 (1992). 

61 . Tolentino, G.J., Meng, S.Y., Bennett, G.N., and San, K.-Y., A pH-regulated promoter for the ex- 

pression of recombinant proteins in Escherichia coli, Biotechnology Letters, 14, 157-162 (1992). 

62. Welch, R.W., Clark, S.W., Bennett, G.N., and Rudolph, F.B., Effects of rifampicin and chlo- 

ramphenical on product and enzyme levels of the acid- and solvent-producing pathways of 
Clostridium acetobutylicum (ATCC 824), Enzyme Microbiol. TechnoL, 14, 277-283 (1992). 

63. Hassani, M., Pincus, D.H., Bennett, G.N., and Hirshfield, I.N., Temperature-dependent induction on 

an acid-inducible stimulon of Escherichia coli in broth, App. Environ. Microbiol., 58, 2704-2707 

(1992) . 

64. Lee, S.Y., Mermelstein, L.D., Bennett, G.N., and Papoutsakis, EX, Vector construction, trans- 

formation, and gene amplification in Clostridium acetobutylicum ATCC 824, Biochem. Eng., VII, 
Ann. New York Acad. Sci., 665, 39-51 (1992). 

65. Walter, K.A., Bennett, G.N., and Papoutsakis, E.T., Molecular characterization of two Clostridium 

acetobutylicum ATCC 824 butanol dehydrogenase isozyme genes, J. BacterioL, 174, 7149-7158 
(1992). 

66. Bennett, G.N., and Petersen, D.J., Cloning and expression of Clostridium acetobutylicum genes in- 

volved in solvent production, in Genetics and Molecular Biology of Anaerobes, Chap. 22 (M. 
Sebald, ed.), Springer Verlag, New York, pp. 3 1 7-343 (1 993). 

67. Petersen, D.J., Cary, J.W., Vanderleyden, J., and Bennett, G.N., Sequence and arrangement of genes 

encoding enzymes of the acetone-production pathway of Clostridium acetobutylicum ATCC 824, 
Gene, 123,93-97(1993). 

68. Sass, C„ Walter, J., and Bennett, G.N., Isolation of mutants of Clostridium acetobutylicum ATCC 

824 deficient in protease activity, Current Microbiology, 26, 151-154 (1993). 

69. Shi, X, Waasdorp, B.C., and Bennett, G.N., Modulation of acid-induced amino acid decarboxylase 

gene expression by hns in Escherichia coli, J. Bact., 175, 1 182-1 186 (1993). 



70. Stim, K., and Bennett, G.N., Nucleotide sequence of the adi gene, which encodes the biodegradative 

acid-induced arginine decarboxylase of Escherichia coli, J. Bact., 175, 1221-1234 (1993). 

71. Mermelstein, L.D., Bennett, G.N., and Papoutsakis, E.T., Amplification of homologous fermentative 

genes in Clostridium acetobutylicum ATCC 824, in Proceedings from the Third U.S./Japan 
Conference on Biotechnology (R. Tanner, ed.), Springer-Verlag, pp. 81-88 (1993). 

72. Papoutsakis, E.T., Mermelstein, L.D., Welker, N.E., Petersen, D.J., and Bennett, G.N., Genetic and 

metabolic engineering of Clostridium acetobutylicum, Proceedings of NIH Conference: 
"Research Opportunities in Biomolecular Engineering: The Interface between Chemical 
Engineering and Biology? pp. 77-83, NIH/NIGMS, Washington, D.C. (1993). 

73. Papoutsakis, E.T., and Bennett, G.N., Cloning, structure and expression of acid and solvent pathway 

genes of Clostridium acetobutylicum, in The Clostridia and Biotechnology, Chap. 8 (D.R. Woods, 
ed.), Butterworth-Heinemann Pubs., Stoneham, Massachusetts, pp. 157-199 (1993). 

74. Walter, K.A., Nair, R.V., Cary, J.W., Bennett, G.N., and Papoutsakis, E.T., Sequence and 

arrangement of two genes of the butyrate-synthesis pathway of Clostridium acetobutylicum 
ATCC 824, Gene, 134, 107-1 1 1 (1993). 

75. Mermelstein, L.D., Papoutsakis, E.T., Petersen, D.J., and Bennett, G.N., Metabolic engineering of 

Clostridium acetobutylicum ATCC 824 for increased solvent formation by enhancement of 
acetone formation enzyme activities using a synthetic acetone operon, Biotechnology & 
Bioengineering, 42, 1053-1060(1993). 

76. Boynton, Z.L., Bennett, G.N., and Rudolph, F.B., Intracellular concentrations of coenzyme A and its 

derivatives from Clostridium acetobutylicum ATCC 824 and their roles in enzyme regulation, 
Applied Environ. Microbiol., 60, 39-44 (1994). 

77. Nair, R.V., Bennett, G.N., and Papoutsakis, E.T., Molecular characterization of an aldehyde/alcohol 

dehydrogenase gene from Clostridium acetobutylicum ATCC 824, J. BacterioL, 176, 871-885 
(1994). 

78. San, K.-Y., Bennett, G.N., Chou, C.-H., and Aristidou, A.A., An optimization study of a pH- 

inducible promoter system for high-level recombinant protein production in Escherichia coli, 
Ann. N.Y. Acad. Set, 721, 268-276 (1994). 

79. Mermelstein, L.D., Welker, N.E., Petersen, D.J., Bennett, G.N., and Papoutsakis, E.T., Genetic and 

metabolic engineering of Clostridium acetobutylicum ATCC 824, Ann. NY. Acad. Sci., 721, 54- 
68(1994). 

80. San, K.-Y., Bennett, G.N., Aristidou, A.A., and Chou, C.-H., Strategies in high-level expression of 

recombinant protein in Escherichia coli, Ann. N Y. Acad. Sci., Ill, 257-267 (1994). 

81. Aristidou, A. A., San, K.-Y., and Bennett, G.N., Modification of central metabolic pathway in 

Escherichia coli to reduce acetate accumulation by heterologous expression of the Bacillus 
subtilis acetolactate synthase gene, Biotechnol. & Bioeng. 44, 944-951 (1994). 

82. Chou, C.-H., Bennett, G.N., and San, K.-Y., Effect of modified glucose uptake using genetic 

engineering techniques, on high-level recombinant protein production in Escherichia coli dense 
cultures, Biotechnol & Bioeng. 44, 952-960 (1994). 

83. Shi, X., and Bennett, G.N., Plasmids bearing hfq and an /ws-like gene (stpA) complement hns 

mutants in modulating arginine decarboxylase gene expression in Escherichia coli, J. BacterioL 
176, 6769-6775 (1994). 

84. Shi, X., and Bennett, G.N., Effects of rpoA and cysB mutations on acid induction of biodegradative 

arginine decarboxylase in Escherichia coli, J. Bact. 176, 701 7-7023 (1994). 

85. Chou, C.-H., Bennett, G.N., and San, K.-Y., Effect of modulated glucose uptake on high-level 

recombinant protein production in a dense Escherichia coli culture, Biotechnol. Prog., 10, 644- 
647(1994). 



86. San, K.-Y., and Bennett, G.N., Expression systems for DNA processes, in Molecular Biology and 

Biotechnology: A Comprehensive Desk Reference (R.A. Meyers, ed.), VCH Publishers, New 
York, pp. 306-310 (1995). 

87. Shi, X., and Bennett, G. N., Effects of multicopy leuO on the expression of the acidic inducible lysine 

decarboxylase gene in Escherichia coli, J. Bad., Ill, 810-814 (1995). 

88. Wong, J., Sass, C, and Bennett, G.N., Sequence and arrangement of genes encoding sigma factors in 

Clostridium acetobutylicum ATCC 824, Gene, 153, 89-92 (1995). 

89. Stim-Herndon, K.P., Petersen, D.J., and Bennett, G.N., Molecular characterization of an acetyl 

coenzyme A acetyltransferase (thiolase) gene from Clostridium acetobutylicum ATCC 824, Gene, 
154,81-85 (1995). 

90. Aristidou, A.A., Bennett, G.N., and San, K.-Y., Metabolic engineering of Escherichia coli to enhance 

recombinant protein production through acetate reduction, Biotechnol. Prog. 11, 475-478 (1995). 

91 . San, K.-Y., and Bennett, G.N., Expression systems for DNA processes, in Encyclopedia of Molecular 

Biology: Fundamentals and Applications (R.A. Meyers, ed.), VCH Publishers, Weinheim, pp. 
271-278 (1995). 

92. Chou, C.H., Aristidou, A.A., Meng, S.Y., Bennett, G.N., and San, K.-Y., Characterization of a pH 

inducible promoter system for high level expression of recombinant proteins in Escherichia coli, 
Biotechnol & Bioeng., 47, 186-192 (1995). 

93. Bennett, G.N., and Rudolph, F.B., The central metabolic pathway from acetyl-CoA to butyryl-CoA in 

Clostridium acetobutylicum, FEMS Microbiol Reviews, 17, 241-249 (1995). 

94. Green, E.M., Boynton, Z.L., Harris, L.M., Rudolph, F.B., Papoutsakis, E.T., and Bennett, G.N., 

Genetic manipulation of acid formation pathways by gene inactivation in Clostridium 
acetobutylicum ATCC 824, Microbiology, 142, 2079-2086 (1996). 

95. Boynton, Z.L., Bennett, G.N., and Rudolph, F.B., Cloning, sequencing and expression of clustered 

genes encoding p-hydroxybutyryl-Coenzyme A (CoA) dehydrogenase, crotonase, and butyryl- 
CoA dehydrogenase from Clostridium acetobutylicum ATCC 824, J. Bacteriology, 178, 3015- 
3024(1996). 

96. Chou, C.-H., Bennett, G.N., and San, K.-Y., Genetic manipulation of stationary-phase genes to 

enhance recombinant protein production in Escherichia coli, Biotechnol & Bioeng,, 50, 636-642 
(1996). 

97. Stim-Herndon, K.P., Flores, T.M., and Bennett, G.N., Molecular characterization of adiY, a 

regulatory gene which affects expression of the biodegradative acid-induced arginine 
decarboxylase gene (adiA) of Escherichia coli, Microbiology, 142, 131 1-1320 (1996). 

98. Wong, J., and Bennett, G.N., The effect of novobiocin on solvent production by Clostridium 

acetobutylicum, J. Industrial Microbiol, 16, 354-359 (1996). 

99. Wong, J., and Bennett, G.N., Recombination-induced variants of Clostridium acetobutylicum ATCC 

824 with increased solvent production, Current Microbiology, 32, 349-356 (1996). 

100. Stim-Herndon, K.P., Nair, R., Papoutsakis, E.T., and Bennett, G.N., Analysis of degenerate variants 

of Clostridium acetobutylicum ATCC 824, Anaerobe, 2, 1 1-18 (1996). 

101. Fedorova, N.D., Peredelchuk, M.Y., Kirpichnikov, M.P., and Bennett, G.N., Escherichia coli strains 

for thermoinducible T7 RNA polymerase-driven expression, Gene, 111, 267-268 (1996). 

102. Boynton, Z.L., Bennett, G.N., and Rudolph, F.B., Cloning, sequencing and expression of genes 

encoding phosphotransacetylase and acetate kinase from Clostridium acetobutylicum ATCC 824, 
Applied & Environ. Microbiol, 62, 2758-2766 ( 1 996). 

103. Lin, J., Baik, H.S., Bennett, G.N., and Foster, J.W., Mechanisms of acid resistance and survival in 

enterohemorrhagic and enterotoxigenic Escherichia coli, Applied & Environ.Microbiol, 62, 
3094-3100(1996). 

104. Peredelchuk, M.Y., and Bennett, G.N., A method for construction of E. coli strains with multiple 

DNA insertions in the chromosome, Gene, 187, 231-238 (1997). 



105. Watson, D.E., and Bennett, G.N., Cloning and assembly of PCR products using modified primers and 

DNA repair enzymes, Biotechniques 23, 858-864 ( 1 997). 

106. Green, E.M., and Bennett, G.N., Genetic manipulation of acid and solvent formation in Clostridium 

acetobutylicum ATCC 824, Biotechnology & Bioengineering, 58, 215-221 (1998). 

107. Belouski, E., Gui, L., Rudolph, F.B., and Bennett, G.N., Complementation of an Escherichia coli 

polypeptide deformylase mutant with a gene from Clostridium acetobutylicum ATCC 824, 
Current Microbiol, 36, 248-249 (1998). 

108. Belouski, E., Watson, D.E., and Bennett, G.N., Cloning, sequence and expression of the 

phosphofructokinase gene of Clostridium acetobutylicum ATCC 824 in Escherichia coli, Current 
Microbiol, 37, 17-22 (1998). 

109. Hughes, J.B., Wang, C, Bhadra, R., Richardson, A., Bennett, G., and Rudolph, F., Reduction of 

2,4,6-trinitrotoluene by Clostridium acetobutylicum through hydroxylamino-nitrotoluene 
intermediates, Environ. Tech. & Chem., 17, 343-348 (1998). 

1 10. Hughes, J.B., Wang, C, Yesland, K., Richardson, A., Bhadra, R., Bennett, G., and Rudolph, F„ 

Bamberger rearrangement during TNT-metabolism by Clostridium acetobutylicum, Environ. Sci. 
& Tech., 32, 494-500 (1998). 

111. Yang, Y.-T., Bennett, G.N., and San, K.-Y., Genetic and metabolic engineering, Eletronic Journal of 

Biotechnology, vol. 1, no. 3 (Dec. 15, 1998). 
[ 12.Nair, R.V., Green, E.M., Watson, D.E., Bennett, G.N., and Papoutsakis, E.T., Regulation of the Sol 
locus genes for butanol and acetone formation in Clostridium acetobutylicum ATCC 824 by a 
putative transcriptional repressor, J. Bacteriol, 181, 3 19-330 (1999). 

13. Aristidou, A.A., Bennett, G.N., and San, K.-Y., Metabolic flux analysis of E. coli expressing the B. 

subtilis ALS in batch and continuous culture, Biotech. Bioeng. 63, 737-749 (1999). 

14. Yang, Y.-T., San, K.-Y., and Bennett, G.N., Metabolic flux analysis of E. coli deficient in the acetate 

production pathway and expressing the B. subtilis acetolactate synthase, Metabolic Eng. 1, 26-34 
(1999). 

15. Huang, K.-x., Rudolph, F.B., and Bennett, G.N., Characterization of methylglyoxal synthase from 

Clostridium acetobutylicum ATCC 824 and its use in the formation of 1,2-propanediol, Appl. 
Environ. Microbiol 65, 3244-3247 (1999). 

16. Aristidou, A. A., Bennett, G.N., and San, K.-Y., Improvement of biomass yield and recombinant gene 

expression in Escherichia coli by using fructose as the primary carbon source, Biotech. Prog. 15, 
140-145 (1999). 

17. Papoutsakis, E.T., and Bennett, G.N., Metabolic engineering of Clostridium acetobutylicum, Chapter 

1 1 in Metabolic Engineering (S.Y. Lee and E.T. Papoutsakis, eds.), Marcel Dekker, pp. 253-279 
(1999). 

18. Huang, K-x., Scott, A.L, and Bennett, G.N., Overexpression, purification and characterization of the 

thermostable mevalonate kinase from Methanococcus jannaschii, Protein Expression and 
Purification 17, 33-40 (1999). 

19. Yang, Y.-T., Bennett, G.N., and San, K.-Y., Effect of inactivation of nuo and ackA-pta ofh 

redistribution of metabolic fluxes in Escherichia coli, Biotech. Bioengineering 65, 291-297 
(1999). 

20. Yang, Y.-T., San, K.-Y., and Bennett, G.N., Redistribution of metabolic fluxes in Escherichia coli 

with LDHA overexpression and deletion, Metabolic Eng. 1, 141-152 (1999). 

21. Lyristis, M., Boynton, Z.L., Petersen, D., Kan, Z„ Bennett, G.N., and Rudolph, F.B., Cloning, 

sequencing and characterization of the gene encoding flagellin,yfaC, and the post-translational 
modification of the flagellin, FlaC, from Clostridium acetobutylicum ATCC824, Anaerobe 6, 69- 
79 (2000). 



122. Huang, S, Lindahl, P.A, Wang, C, Bennett, G.N., Rudolph, F.B., and Hughes, J.B., 2,4,6- 

Trinitrotoluene reduction by carbon monoxide dehydrogenase from Clostridium thermoaceticum, 
Appl. Environ. Microbiol. 66, 1474-1478 (2000). 

123. Tyurin, M., Padda, R., Huang, K., Wardwell, S., Caprette, D., and Bennett, G.N., 

Electrotransformation of Clostridium acetobutylicum ATCC 824 using high-voltage radio 
frequency modulated square pulses, J. Appl. Microbiol. 88, 220-227 (2000). 

124. Padda, R.S., Wang, C.Y., Hughes, J.B., and Bennett, G.N., Mutagenicity of trinitotoluene and its 

metabolites formed during anaerobic degradation by Clostridium acetobutylicum ATCC 824, 
Environmental Toxicology and Chemistry. 19, 2871-2875 (2000). 

125. Huang, K.-x, Huang, S., Rudolph, F.B., and Bennett, G.N., Identification and characterization of a 

second butyrate kinase from Clostridium acetobutylicum ATCC 824, J. MolMicrobiol 
Biotechnol. 2, 33-38 (2000). 

126. Berrios-Rivera, S.J., Yang, Y.-T., Bennett, G.N., and San, K.-Y., Effect of glucose analog 

supplementation on metabolic flux distribution in anaerobic chemostat cultures of Escherichia 
coli, J. Metabolic Engineering, 2, 149-154 (2000). 

127. Yang, Y.-T, Peredelchuk, M, Bennett, G.N., and San, K.-Y, Effect of variation of Klebsiella 

pneumoniae acetolactate synthase expression on metabolic flux redistribution in Escherichia coli, 
Biotechnology & Bioengineering, 20, 150-159 (2000). 

128. Loke, H.-K, Bennett, G.N, and Lindahl, P. A, Active acetyl-CoA synthase from Clostridium 

thermoaceticum obtained by cloning and heterologous expression of acsAB in Escherichia coli, 
Proc. National Acad. Sci. USA, 97, 12530-12535 (2000). 

129. Yang, Y.-T, Bennett, G.N, and San, K.-Y, The effects of feed and intracellular pyruvate levels on 

the redistribution of metabolic fluxes in Escherichia coli , Metabolic Engineering 3, 1 15-123 
(2001). 

130. Bennett, G.N, and San, K-Y, Microbial formation, biotechnological production and applications of 

1,2-propanediol, Appl. Microbiol. Biotechnol., 55, 1-9 (2001). 

131. Tummala, S.B, Tomas, C, Harris, L.M, Welker, NJE, Rudolph, F.B, Bennett, G.N, and 

Papoutsakis, E.T, Genetic tools for solventogenic Clostridia, In Clostridia - Biotechnology and 
Medical Applications (H. Bahl, P. Dxirre, eds.), pp. 105-123, Wiley-VCH, Weinheim, Germany 
(2001). 

132. Nolling, J, Breton, G, Omelchenko, M.V, Makarova, K.S, Zeng, Q, Gibson, R, Lee, H.M, 

Dubois, J, Qiu, D, Hitti, J, Wolf, Y.I, Tatusov, R.L, Sabathe, F, Doucette-Stamm, L, 
Soucaille, P, Daly, M.J, Bennett, G.N, Koonin, E.V, and Smith, D.R, Genome sequence and 
comparative analysis of the solvent-producing bacterium Clostridium acetobutylicum, J. 
Bacterid, 183, 4823-1438 (2001). 

133. Wardwell, S.A, Yang, Y.T, Chang, H.Y, San, K.Y, Rudolph, F.B, and Bennett, G.N, Expression 

of the Klebsiella pneumoniae CG21 acetoin reductase gene in Clostridium acetobutylicum ATCC 
824, ./. Ind. Microbiol. Biotechnol., 27, 220-227 (2001). 

134. San, K.-Y, Bennett, G.N, Berrios-Rivera, S.J, Vadali, R.V, Yang, Y.-T, Horton, E, Rudolph, F.B, 

Sariyar, B, and Blackwood, K, Metabolic engineering through cofactor manipulation and its 
effects on metabolic flux redistribution in Escherichia coli, Metabolic Eng., 4, 182-192 (2002). 

135. Berrios-Rivera, S.J, Bennett, G.N, and San, K.-Y, Metabolic engineering of Escherichia coli: 

Increase of NADH availability by overexpressing an NAD + -dependent formate dehydrogenase, 
Metabolic Eng., 4, 21 7-229 (2002). 

136. Berrios-Rivera, S.J, Bennett, G.N, and San, K.-Y, The effect of manipulating NADH availability on 

the redistribution of metabolic fluxes in Escherichia coli chemostat cultures, Metabolic Eng., 4, 
230-237 (2002). 



137. Berrios-Rivera, S.J., San, K.-Y. 5 and Bennett, G.N., The effect of NAPRTase overexpression on the 

total levels of NAD, NADH/NAD h ratio, and the distribution of metabolites in Escherichia coli, 
Metabolic Eng., 4, 238-247 (2002). 

138. Oh, Y., Osato, M. f Han, X., Bennett, G., and Hong, W.K., Folk yoghurt kills Helicobacter pylon, J. 

Appl. Microbiol. 93, 1083-1088 (2002). 

139. Berrios-Rivera, S.J., San, K.-Y., and Bennett, G.N. The effect of carbon sources and lactate 

dehydrogenase deletion on 1,2-propanediol production in E. coli, J. Ind. Microbiol. Biotechnol, 
30,34-40(2003). 

140. Kim, H.-Y., Bennett, G.N., and Song, H.-G., Degradation of 2,4,6-trinitrotoluene by Enterobacter sp. 

strain CI isolated from activated sludge, Biotechnology Letters 24, 2023-2028 (2003). 

141. Wang, C, Lyon, D.Y., Hughes, J.B.„ and Bennett, G.N., Role of hydroxylamine intermediates in the 

phytotransformation of 2,4,6-trinitrotoluene in Myriophyllum aquaticum, Environ. Sci. Technol. 
37,3595-3600(2003). 

142. Padda, R.S., Wang, C, Hughes, J.B., Kutty, R., and Bennett, G.N., Mutagenicity of nitroaromatic 

compounds, Environ, Toxico. Chem. 22, 2293-2297 (2003). 

143. Zhao, Y., Hindorff, L.A., Chuang, A,, Monroe-Augustus, M., Lyristis, M., Harrison, M., Rudolph, 

F.B., and Bennett, G.N., Expression of a cloned cyclopropane fatty acid synthase gene reduces 
solvent formation in Clostridium acetobutylicum ATCC 824, Applied and Environmental 
Microbiology, 69, 2831-2841 (2003). 

144. Watrous, M.M., Clark, S., Kutty, R„ Huang, S., Rudolph, F.B., Hughes, J.B., and Bennett, G.N., 

2,4,6-Trinitrotoluene reduction by an Fe-only hydrogenase in Clostridium acetobutylicum, 
Applied and Environmental Microbiology, 69, 1542-1547 (2003). 

145. Scotcher, M., Huang, K.-X., Harrison, M.L., Rudolph, F.B., and Bennett, G.N., Sequences affecting 

the regulation of solvent production in Clostridium acetobutylicum, J. Ind. Microbiol. Biotechnol, 
30,414-420(2003). 

146. Horton, C.E., Huang, K.-X., Bennett, G.N., and Rudolph, F.B., Heterologous expression of the 

Saccharomyces cerevisiae alcohol acetyltransferase genes in Clostridium acetobutylicum and 
Escherichia coli for the production of isoamyl acetate, J. Ind. Microbiol. Biotechnol., 30, 427-432 

(2003) . 

147. San, K.-Y., and Bennett, G.N., Expression systems for DNA processes, in Encyclopedia of Molecular 

Cell Biology and Molecular Medicine: Vol. 4 (R.A. Meyers, ed), pp. 355-377, Wiley-VCH 

(2004) . 

148. Vadali, R.V., Horton, C.E., Rudolph, F.B., Bennett, G.N., and San, K.Y., Production of isoamyl 

acetate in ackA-pta and/or ldh mutants of Escherichia coli with overexpression of yeast ATF2, 
Appl. Microbiol Biotechnol, 63, 698-704 (2004). 

149. Vadali, R.V., Bennett, G.N., and San, K.-Y., Cofactor engineering of intracellular CoA/acetyl-CoA 

and its effect on metabolic flux redistribution in Escherichia coli, Metabolic Eng., 6, 133-139 
(2004). 

150. Vadali, R.V., Bennett, G.N., and San, K.-Y., Enhanced isoamyl acetate production upon manipulation 

of the acetyl-CoA node in Escherichia coli, Biotechnol. Prog., 20, 692-697 (2004). 

151. Ali, M.K., Rudolph, F.B., and Bennett, G.N., Thermostable xylanaselOB from Clostridium 

acetobutylicum ATCC824, J. Ind. Microbiol Biotechnol 31, 229-234 (2004). E pub June 8 
(2004). 

152. Berrios-Rivera, S.J., Sanchez, A.M., Bennett, G.N., and San, K.-Y., Effect of different levels of 

NADH availability on metabolite distribution in Escherichia coli in minimal and complex media, 
Appl Microbiol Biotechnol, 65, 426-432 (2004). 

153. Lin, H., Vadali, R.V., Bennett, G.N., and San, K.-Y., Increasing the acetyl-CoA pool in the presence 

of overexpressed phosphoenolpyruvate carboxylase or pyruvate carboxylase enhances succinate 
production in Escherichia coli, Biotechnol. Prog., 20, 1599-1604 (2004). 



154. Ali, M.K., Rudolph, F.B., and Bennett, G.N., Characterization of thermostable XynlOA enzyme from 

mesophilic Clostridium acetobutylicum strain ATCC 824, J. Ind. Microbiol. Biotechnol, 32, 12- 
18(2004). 

155. Ahmad, F., Hughes, J.B., and Bennett, G.N. Biodegradation of hazardous materials by Clostridia, 

Handbook on Clostridia (Durre, P., ed), Chapter 38, pp. 831-854, CRC Press, Boca Raton, FL 
(2005). 

156. Vadali, R.V., Bennett, G.N., and San, K.-Y., Applicability of CoA/acetyl-CoA manipulation system 

to enhance isoamyl acetate production in Escherichia coli, Metabolic Eng., 6, 294-299 (2004). 

157. Shalel-Levanon.S., San, K.-Y., and Bennett, G.N., Effect of oxygen on the E. coli ArcA and FNR 

regulation systems and metabolic responses, Biotechnology and Bioengineering, 89, 556-564 
(2005). 

158. Zhao, Y., Tomas, C.A., Rudolph, F.B., Papoutsakis, E.T., and Bennett, G.N., Intracellular butyryl 

phosphate and acetyl phosphate concentrations in Clostridium acetobutylicum and their 
implications for solvent formation, Appl. Environ, Microbiol., 71, 530-537 (2005). 

159. Sanchez, A.M., Bennett, G.N., and San, K.-Y., Efficient succinate acid production from glucose 

through overexpression of pyruvate carboxylase in an Escherichia coli alcohol dehydrogenase 
and lactate dehydrogenase mutant, Biotechnol. Prog., 21, 358-365 (2005). 

160. Lin, H., Bennett, G.N., and San, K.-Y., Metabolic engineering of aerobic succinate production 

systems in Escherichia coli to improve process productivity and achieve the maximum theoretical 
succinate yield, Metabolic Eng., 7, 1 16-127 (2005). 

161. Lin, H., Bennett, G.N., and San, K.-Y., Genetic reconstruction of the aerobic central metabolism in 

Escherichia coli for the absolute aerobic production of succinate, Biotech. & Bioeng, 89, 148-156 
(2005). 

162. Cox, S.J., Shalel Levanon, S.S., Bennett, G.N., and San, K.-Y., Genetic network assisted metabolic 

flux analysis, Metabolic Eng. Sep-Nov;7(5-6):445-56 (2005). 

163. Zhang, C, and Bennett, G.N., Biodegradation of xenobiotics by anaerobic bacteria, Appl. Microbiol. 

Biotechnol, 67, 600-618 (2005). 

164. Dittrich, C.R., Bennett, G.N., and San, K.-Y., Characterization of the acetate-producing pathways in 

Escherichia coli, Biotechnol. Prog., 21,1 062- 1 067 (2005). 

165. Dittrich, C.R., Vadali, R.V., Bennett, G.N., and San, K.-Y., Redistribution of metabolic fluxes in 

the central aerobic metabolic pathway of E. coli mutant strains with deletion of the ackA-pta 
and poxB pathways for the synthesis of isoamyl acetate, Biotechnol. Prog., 21, 627-631 (2005). 

166. Lin, H., Bennett, GN., and San, K.-Y., Effect of Sorghum vulgare phosphoenolpyruvate 

carboxylase and Lactococcus lactis pyruvate carboxylase coexpression on succinate production 
in mutant strains of Escherichia coli, Appl Microbiol Biotechnol, 67, 515-523 (2005). 

167. Lin, H., Bennett, G.N., and San, K.-Y., Effect of carbon sources differing in oxidation state and 

transport route on succinate production in metabolically engineered Escherichia coli, J. Ind. 
Microbiol. Biotechnol, 32, 87-93 (2005). 

168. Lin, H., Bennett, G.N., and San, K.-Y., Fed batch culture of a metabolically engineered 

Escherichia coli strain designed for high-level succinate production and yield under aerobic 
conditions, Biotechnol Bioeng., 90, 775-779 (2005). 

169. Scotcher, M.C., and Bennett, G.N., SpoIIE regulates sporulation but does not directly affect 

solventogenesis in Clostridium acetobutylicum ATCC824,J. Bacteriology, 187, 1930-1936 
(2005). 

170. Scotcher, M.C., Rudolph, F.B., and Bennett, G.N., The expression of abrB310 and sinR, and the 

effects of AbrB310 on the transition from acidogenesis to solventogenesis in Clostridium 
acetobutylicum ATCC824, Applied and Environmental Microbiology, 71, 1987-1995 (2005). 



171 . Sanchez, A.M., Bennett, G.N., and San, K.-Y., Novel pathway engineering design of the anaerobic 

central metabolic pathway in Escherichia coli to increase succinate yield and productivity, 
Metabolic Eng., 1, 229-239 (2005). 

172. Sanchez, A.M., Bennett, G.N., and San, K.-Y., Effect of different levels of NADH availability on 

metabolic fluxes of Escherichia coli chemostat cultures in defined medium, J. BiotechnoL, 117, 
395-405 (2005). 

173. Kutty, R., and Bennett, G.N., Studies on inhibition of transformation of 2,4,6-trinitrotoluene by Fe- 

hydrogenase from Clostridium acetobutylicum, J. Ind. Microbiol BiotechnoL 33(5):368-76 
(2006). 

174. Yun, N.-R., San, K.-Y., and Bennett, G.N., Enhancement of lactate and succinate formation in adhE 

or pta-ackA in NADH dehydrogenase-deficient Escherichia coli, Journal of Applied 
Microbiology, 99,1404-1412 (2005). 

175. Horton, C.E., and Bennett, G.N., Ester production in E. coli and C acetobutylicum, Enzyme and 

Microbial Technology, 38, 937-943 (2006). 

176. Cox, S.J., Shelel Levanon, S., Sanchez, A., Lin, H., Peercy, B., Bennett, G.N., and San, K.-Y., 

Development of a metabolic network design and optimization framework incorporating 
implementation constraints: A succinate production case study, Metabolic. Engineering, 
Jan;8(l):46-57(2006). 

1 77. Sanchez AM, Bennett GN, San KY. Batch culture characterization and metabolic flux analysis 

of succinate-producing Escherichia coli strains. Metab Eng. 2006 May;8(3):209-26. 

178. Shalel-Levanon, S., San, K.-Y., and Bennett, G.N., Effect of ArcA and FNR on the expression of 

genes related to the oxygen regulation and the glycolysis pathway in Escherichia coli under 
microaerobic growth conditions, BiotechnoL Bioeng., 92, 147-159 (2005). 

179. Shalel-Levanon, S., San, K.-Y., and Bennett, G.N., Effect of oxygen, and Area and FNR regulators 

on the expression of genes related to the electron transfer chain and the TCA cycle in 
Escherichia coli, Metabolic Engineering, 7, 364-374 (2005). 

180. Lin, H., Bennett, G.N., and San, K.-Y., Chemostat culture characterization of Escherichia coli 

mutant strains metabolically engineered for aerobic succinate production: A study of the 
modified metabolic network based on metabolite profile, enzyme activity, and gene expression 
profile, Metabolic Engineering., 7(5-6):337-52 (2005). 

181. Vadali, R.V., Fu. Y., Bennett, G.N., and San, K.Y., Enhanced lycopene productivity by 

manipulation of carbon flow to isopentenyl diphosphate in Escherichia coli, Biotechnol, Prog., 
21, 1558-1561 (2005). 

182. Kutty, R., and Bennett, G.N., Biochemical characterization of trinitrotoluene transforming oxygen- 

insensitive nitroreductases from Clostridium acetobutylicum ATCC 824, Arch. MicrobioL, 
Nov;184(3):158-67,(2005). 

183. Kutty, R., Rudolph, F.B., and Bennett, G.N., Transformation of 2,4,6-trinitrotoluene by Fe- 

hydrogenase from Clostridium acetobutylicum ATCC824: Relevance to mechanism of catalysis, 
in Proceedings Remediation of Chlorinated and Recalcitrant Compounds: The Fourth 
International Conference, May 24-27, 2004, Monterey, California, Battelle Press, Columbus, 
OH, (2005). 

184. Dittrich, C.R., San, K.-Y., and Bennett, G.N., Cofactors in metabolic engineering of ester 

production, Proceedings of the American Chemical Society Symposium on Genetic Engineering 
in Flavor Chemistry: Applications and Potentials, ACS Press, in press. 

185. Sullivan, L., and Bennett, G.N., Proteome analysis and comparison of Clostridium acetobutylicum 

ATCC 824 and SpoOA strain variants, J. Ind. Microbiol BiotechnoL, 33(4):298-308 (2006). 

186. Park, Y.C., Choi. J.H., Bennett. G.N., and Seo, J.H. Characterization of d-ribose biosynthesis in 

Bacillus subtilis JY200 deficient in transketolase gene. J Biotechnol 121(4):508-16 (2006). 



187. Peercy, B.E., Cox, S.J., Shalel-Levanon, S., San, K.-Y., and Bennett, G., A kinetic model of oxygen 

regulation of cytochrome production in Escherichia coli, J. Theoretical Biol, 242, 547-563, 
(2006). 

188. Sanchez, A.M., Andrews, J., Hussein, I., Bennett, G.N., and San, K.-Y, Effect of overexpression of 

a soluble pyridine nucleotide transhydrogenase (UdhA) on the production of poly (3- 
hydroxybutyrate) in Escherichia coli, Biotechnol Prog. Mar-Apr;22(2):420-5 (2006). 

189. Singh, R., Yang, Y.-T., Lu, B., Bennett, G.N., and San, K.-Y., Expression of the pfl gene and 

resulting metabolite flux distribution in nuo and ackA-pta E. coli mutant strains. Biotechnol 
Prog. May-Jun;22(3):898-902 (2006). 

190. Bennett, G.N., and San, K.-Y., Enzyme and co-factor engineering and their applications in the 

pharmaceutical and fermentation industries, Chapter 8 in Fermentation Microbiology and 
Biotechnology 2nd edition (E.M.T. El-Mansi, ed), 217-248 (2006). 

191. Lin, H., Castro, N.M., Bennett, G. N., and San, K.-Y., Acetyl-CoA synthetase overexpression in 

Escherichia coli demonstrates more efficient acetate assimilation and lower acetate 
accumulation: a potential tool in metabolic engineering, Applied Microbiology and 
Biotechnology. Aug;71(6):870-4 (2006). 

192. Park YC, Yun NR, San KY, Bennett GN. Molecular cloning and characterization of the alcohol 

dehydrogenase ADH1 gene of Candida utilis ATCC 9950. J Ind Microbiol Biotechnol. 33, 
1032-1036(2006) 

193. Oh, Y., Varmanen, P., Han, X.Y., Bennett, G., Xu, Z., Lu, T., Palva, A., Lactobacillus plantarum 

for oral peptide delivery, Oral Microbiology and Immunology, 21, 1-5 (2006). 

194. Portle S, Causey TB, Wolf K, Bennett GN, San KY, Mantzaris N. Cell population heterogeneity 

in expression of a gene-switching network with fluorescent markers of different half-lives. J 
Biotechnol. 2006 Oct 17; [Epub ahead of print] 

195. Kutty R, Bennett GN. Characterization of a novel ferredoxin with N-terminal extension from 

Clostridium acetobutylicum ATCC 824.Arch Microbiol. 2006 Nov 7; [Epub ahead of print] 



PATENT FILINGS: 

1 . San, K.-Y., Berrios-Rivera, S.J., and Bennett, G.N., Recycling system for manipulation of 

intracellular NADH availability (patent applied for) (2003). 

2. Bennett, G.N., Recombination assembly of large DNA fragments (filed) (2003). 

3. Bennett, G.N., and Harrison, M.L., Method for assembly PCR fragments (filed) (2003). 

4. Oh, Y., Han, X.-Y., Osato, M., Bennett, G., Van Sinderen, D., Ramesh, R., Graham, D., Liu, T., 

Lang, W., Arap, W., Pasqualini, R., and Hong, W.-K., Modified traditional yogurt for 
treatment of H. pylori infection (application with M.D. Anderson Cancer Center) (2003). 

5. A New Technique to Increase the Intracellular Levels of Co A and Acetyl-CoA in Escherichia 

coli with the Goal of Enhancing Production of Compounds that Require Acetyl-CoA in their 
Biosynthesis (filed 2003) with R.V. Vadali and K.-Y. San. 

6. A New Technique to to Manipulate Escherichia coli Metabolic Pathways to Increase Flux 

through the Intracellular Acetyl-CoA Node and Divert this Flux to Enhance Productivies of 
Compounds that Require Acetyl-CoA in their Biosynthesis (filed 2003) with R.V. Vadali and 
K.-Y. San. 



7. A Novel Approach to Construct High Molar Succinate Yield Production Strains by Increasing 

the Intracellular NADH Availability in Escherichia coli (filed 2003) with A. Sanchez and K.~ 
Y. San. 

8. Aerobic Production of Succinate (filed 2003) with H. Lin and K.-Y. San. 

9. Increased Bacterial Acetyl-CoA Pool (filed March 24, 2003) with K.-Y. San and R.V. Vadali. 

10. Increasing Intracellular NADPH Availability in E. coli (filed 2003) with A. Sanchez and K.-Y. 

San. 

11. Simultaneous Anaerobic Production Of Isoamyl Acetate And Succinic Acid (12/22/04, 12/22/05) 

31175413-015001, Ka-Yiu San, Cheryl Dittrich, Ailen Sanchez and George N. Bennett, patent 
pending 

12. High Succinate Producing Bacteria (9/17/04, 9/17/05) 31 175413-014001, Ka-Yiu San Henry 

Lin, Ailen Sanchez and George N. Bennett, patent pending 

13. Mutant E, coli Strain with Increased Succinic Acid Production (8/17/04, 8/17/05) 31 175413- 

01 1001, Ka-Yiu San, Ailen Sanchez and George N. Bennett 

14. Aerobic Succinate Production in Bacteria (8/9/04, 8/9/05) 31 175413-012001, Ka-Yiu San, Henry 

Lin and George N. Bennett, patent pending 

15. "An approach to increase intracellular NADPH availability in Escherichia coli to increase the 

yield and productivity of NADPH-dependent products" Ka-Yiu San, Henry Lin, Irene 
Martinez, Jiangfeng Zhu and George N. Bennett 

16. "Novel PEPC to Produce Succinate" George N. Bennett, Ka-Yiu San; Mary Lou Harrison 

1 7. "UBICA IN E. Coli" Ka-Yiu San and George N. Bennett 



Appendix C: Recombinases Are Topologically Sensitive 



HOUDMS/2 19588.2 



Determinants of product topology m a hybrid Cre~T,„{J Mo! Bioh 2006] - PubMed Result Page I of 2 



the 



111 



m 




An DiiV.a'o&sm PubMM NucfeoHde ?\"o-U;i;i G«noms Structure OMIH mc 
Journal Book? 



Search fpSed * 



Limits Prevlew/Sodex History Clipboard Details 
Display I Abi^ricPSs |§ Show |20^Tf port 17 

[ AH: 1 [...Bfi!.^li } J 



31 | Sendt0 ~ll 



'Links 



R««sd Links 

Topology selccbvi*y o? a hybrid 

<: : SpCC: fiC r«CO rr: Dir. & U •. >r : $ yV^Crr i 

with dements from To3 
rss/rssoivasa m6 bacteriophage Pi 

Contro* of Cre racorabtoation by 
r-rg^uHary eiemO:U;> from >;'or 
r£comdlm*don SY;$^fe:sx<, 3004) 



r ^ imimoL 2006 Jan i3;355(2):l85-9S* Epub 2005 Nov 9. 



Determinants of product topology m a hybrid Cro-Tn3 



KimrWt m Byrte.Mg,. B^^ck Mi, Slack 



Institute of Biomedical & Life Sciences, University of 
Dumbarton Road, Glasgow GH 6^U : Scotland, UK, 



^ao^ natural DN A site-specific recombination- systems 
achtove directionality and/or selectivity by making 
recombinants with a specific DMA topology. This property 
requires that the DMA architecture of the synapse and th& 
rnechanlsm of strood exchange am both under strict control. 
Previously vvs reported that Tn3 resolvase-medlatsd 
synapses of the accessory binding sites from the In 3 
recombination site res can impose topological selectivity on 
Cre/loxP recombination, Here, we show that the topology of 
these reactions is profoundly affected by subtle changes In 
the hybrid recombination site iss. Reversing the orientation 
of loxP relative to the res accessory sequence, or adding 4 
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products. By analysing Holiiday junction intermediates, wo 
show that the Innate bias m the order of strand exchanges 
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that resol vase- mediated intertwining of the accessory 
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The F!p recombinase of yeast and the Cre recombinase of 
bacteriophage PI both belong to the larnbda-lntegrase (Int) 
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systems recognise recombination-target sequences that 
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spacer sequence. Recombination reactions involve particular 
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sites at synapsis, which we investigate using nieked-clrculer 
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atomic -force microscopy, in conjunction with detailed 
topological analysis using the mathematics of tangles, shows 
that only a limited number of recombination -site topologies 
are consistent with the global structures of plasmlds bearing 
directly and inversely repeated sites, The tangle solutions 
imply that there is significant distortion of the Holiday- 
junction Intermediate relative to the planar structure of the 
four-way DNA junction present m the Flp and Cre co-crystal 
structures, Based on simulations of nucieoprotein structures 
that connect the two-dimensional tangle solutions with 
three-dimensional models of the complexes, we propose a 
recombination mechanism in which the synaptic 
intermediate is characterised by a norvpianar, possibly near- 
tetrahedral, Holliday -junction intermediate. Only modest 
conformational changes within this structure are needed to 
form the symmetric, planar OH A junction, which may he 
characteristic: of shorter-lived intermediates along the 
recombination pathway , 
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and loxP sites, respectively, in circular plasmsd substrates 
yield both DMA Inversion and deletion; However, upon 
sequestering three negative supereoite outside the 
recombination complex using the resli -resin synapse 
formed by Tn3 resolvese and the LER synapse formed by 
phage Mu transposase in the case of Flp and Cre, 
respectively, the reactions are channeled toweres inversion, 
at the expense of deletion, The inversion product is a trefoil, 
its unique topology being conferred by the externa! 
resoSvase or L£R. synapse > Thus, Flp and Cre assign their 
symmetrized substrates a strictly antiperahei orientation 
with respect to strand cleavage and exchange. These 
conclusions are supported by the product profiles from 
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and competition assays. Furthermore,- the observed 
recombination bias favoring deletion over inversion in a 
•nicked circular substrate containing two symmetrized FRT 
sites is consistent with the predictions from Monte Carlo 
simulations based on antiparaiiel synapsis of the DMA 
partners, (c) 2002 Elsevier Science Ltd, 
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Bacteriophage lambda Integra se (Int) is a versatile site- 
specific rscombinass< In concert with other proteins. It 
m&d!&t£i> phage integration into and excision out of the 
bacteria! chromosome. Int reccmnbmos intramolecular sites 
in inverse or direct orientation: or sites on separate DMA 
molecules* This wide spectrum of In mediated reactions 
has, however, hindered our understanding of the topology of 
Int. recombination. By systematically' analysing the topology 
of lot reaction products and using a mathematical method 
called tangles, we deduce a unified mndel for Int 
recombination. We find that, even in the absence of {-) 
suporcolhng, ail Int reactions are ehiraf, producing one of 
two possible enantiomefS of each product. We propose that 
this cmrality reflects a right-handed DMA .crossing within or 
between recombination sites in the synaptic complex that 
favors formation of nght-hancled Holhday junction 
intermediates. Wo demonstrate that the change in jinking 
number associated with exoslve Inversion with relaxed DMA 
is equally -t-2 and -2, reflecting two different substrates with 
different topology but the same chirality. Additionally, we 
deduce that integrative int recombination differs from 
exclsive recombination only by additional plectonemlc H 
DMA crossings in the synaptic complex: two with supercooled 
substrates and 000 with relaxed substrates.. The generality 
of our results is Indicated by our finding that two other 
members of the integrase super family of recombinants, Fip 
of yeast and Ore of phage Pi, show the same Intrinsic 
chirality as lambda Int. Copyright 1999 Academic Press. 
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In order to investigate the functions of the parts of the Tn 3 
recombination site res, we created hybrid recombination 
sites by pacing the toxP site for <>e rscombtoase adjacent to 
the "accessory * resoivase-bmdinri sites II and III of res. The 
efficiency and product topology of m vitro recombination by 
Cre between two of these hybrid sites were affected by the 
addition of Tn 3 resoivase. The effects of resolvase addition 
were dependent on the relative orientation and spacing of 
the elements of the hybrid sites, Substrates with sites il and 
IH of res close to loxP gave specific catenated or knotted 
products (four noded caienane, three-noded knot) when 
resoivase and Cre were added together, The product 
topological complexity increased when the length of the 
spacer DMA segment between loxP and res site II was 
increased. Similar reso* vase-induced effects on Cre 
recombination product topology were observed in reactions 
of substrates with loxP sites adjacent to full res sites. The 
results demonstrate that the res accessory sites are 
suffident to Impose topological selectivity on recombination, 
and imply that intertwiomg of two sets of accessory sites 
defines the simple catenate product topology in normal 
resofvase -mediated recombination, They are also consistent 
with current models for the mechanism of catalysis by Cre. 
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5. □ Applicant's reply has overcome the following rejection(s): 

6. □ Newly proposed or amended claim(s) would be allowable if submitted in a separate, timely filed amendment canceling the 

non-allowable claim(s). 

7. For purposes of appeal, the proposed amendment(s): a) □ will hot be entered, or b) K will be entered and an explanation of 
how the new or amended claims would be rejected is provided below or appended. 

The status of the claim(s) is (or will be) as follows: 

Claim(s) allowed: . 

Claim(s) objected to: . 



Claim(s) rejected: U7. 

Claim(s) withdrawn from consideration: . 

AFFIDAVIT OR OTHER EVIDENCE 

8. □ The affidavit or other evidence filed after a final action, but before or on the date of filing a Notice of Appeal will not be entered 

because applicant failed to provide a showing of good and sufficient reasons why the affidavit or other evidence is necessary and 
was not earlier presented. See 37 CFR 1.116(e). 

9. □ The affidavit or other evidence filed after the date of filing a Notice of Appeal, but prior to the date of filing a brief, will not be 

entered because the affidavit or other evidence failed to overcome aM rejections under appeal and/or appellant fails to provide a 
showing a good and sufficient reasons why it is necessary and was not earlier presented. See 37 CFR 41.33(d)(1). 

10. □ The affidavit or other evidence is entered. An explanation of the status of the claims after entry is below or attached 
REQUEST FOR RECONSIDERATION/OTHER 

1 1 . E The request for reconsideration has been considered but does NOT place the application in condition for allowance because: 

See Continuation Sheet. 

12. □ Note the attached Information Disclosure Statement(s). (PTffi2B708) Paper No( 

13. □ Other: . 
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Continuation of 1 1 . does NOT place the application in condition for allowance because: Applicants argue none of the cited art shows 
"simultaneously removing and circularizing" assembled PCR fragments from a sdid support with a recombinase. This argument is not 
persuasive because there is strong suggestion in the prior art that the combination of these technologies, specifically assembly of DNA 
fragments on a solid support and simultaneous removal recombination and circularization of the DNA would be successful. Additionally, 
the federal circuit held in Pharmastem Therapeutics, Inc. v. Viacell, Inc., _ F.3d _ (Fed. Cir. 2007) a treatment method to be obvious ' 
citing the following: 

1) KSR followed - Confirmation of Stem Cell Properties Obvious: The invention was novel in the sense that it was not confirmed in the 
prior art that umbilical cord blood is capable of hematopoietic reconstitution. Relying upon KSR, the court majority stated that "[wjhile the 
inventors may have proved conclusively what was strongly suspected before - that umbilical cord blood is capable of hematopoietic 
reconstitution - and while their work may have significantly advanced the state of the science of hematopoietic transplantations by 
eliminating any doubt as to the presence of stem cells in cord blood, the mouse experiments and the conclusions drawn from them were 
not inventive in nature. Instead, the inventors merely used routine research methods to prove what was already believed to be the case. 
Scientific confirmation of what was already believed to be true may be a valuable contribution, but it does not give rise to a patentable 
invention ."Applicant argues the previously submitted declaration provides evidence as to unexpected results. This declaration was not 
persuasive because the declaration failed to provide persuasive evidence as to unexpected results. It is well established in the art that 
Cre/Lox recombinase will simultaneously recombine and circularize plasmid DNA. It is therefore not unreasonable to expect success 
when using Cre/lox to simultaneously recombine and circularize DNA which is attached to a substrate. Applicants argue the topology of 
DNA is affected by binding to a solid support which affects recombinase activity and that topology is known to be critical to recombinase 
function: Applicant submitts several papers in support of this assertion. None of these papers support the assertion that by binding DNA 
to a solid substrate the structure is changed somarkedly that recombinase would not function. 

Applicant argues a recombinase is not a ligase and the assembly of DNA on a solid support using a ligase is not analoguous and 
cannot be used to extrapolate success for the applicaton of recombinase. This argument is not persuasive because the issue is 
reasonable expectation of success. There is a reasonable expectation of success because the prior art directly points to the assembly of 
PCR products (taught by Watson), that assembly can occur on a solid support (taught by Stahl) and that Cre recombinase provides 
simultaneous recombination and circularization of plasmid DNA in vitro (taught by Elledge). Applicant asserts that one of skill in the art 
would have thought Cre/lox recombination was inhibited or impossible on a solid support. Applicant fails to provide evidence to this effect. 
The prior art of record does not indicate this was thought to be the case as Cre/lox is a well known well used system for in vitro 
recombination. Additionally with regard to Applicant's request for an affidavit, Examiner notes that there is no basis in MPEP § 2144 which 
requires the Office to supply an affidavit when the motivation is provided directly in the prior art document(s). None of the facts relied upon 
in the 103 rejection are the personal knowledge of the examiner. Instead, as noted in the 103 rejection recited above, the motivation is 
expressly stated within the reference(s). The Examiner at no point in the rejection indicated the use of personal knowledge in finding a 
motivation to combine between the references. This line of argument is inappropriate. Applicant argues the Examiner must consider the 
declaratory evidence. This argument is not persuasive as the declaration was considered in the Office Action mailed July 26, 2007. It was 
noted in the Action that Applicant's declaration failed to provide evidence of unexpected results. Applicants merely assert in the 
declaration that the function of recombinase is unexpected and fail to provide any data or evidence to support the assertion. 
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Appendix E: Related Proceedings 
Not applicable 
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